SUMMARY To evaluate the accuracy of coronary angiography in identifying severe narrowing of the left main coronary artery (LMCA), the degree of narrowing observed by angiography was compared to that observed at necropsy in 28 patients with symptomatic coronary heart disease in whom angiography had been performed within 40 days of death. The angiograms were evaluated independently by three experienced angiographers. In 20 of the 28 patients (71%), the degree of narrowing of the LMCA was either underestimated (13 patients) or overestimated (10 patients) by two or three of three angiographers; of 84 angiographic judgments made by the three angiographers in the 28 patients, 54 (64%) were underestimates (33 judgments, 39%) or overestimates (21 judgments, 25%) of the degree of LMCA narrowing. Of 12 LMCAs narrowed 76-100% in cross-sectional area at necropsy, six were underestimated at preoperative angiography by two or three of three angiographers; of 12 LMCAs narrowed 51-75% in cross-sectional area at necropsy, all 12 were either under-or overestimated angiographically by two or three of three angiographers; of four LMCAs narrowed 26-50% in cross-section at necropsy, two were overestimated by two of three angiographers. Thus, angiographic determination of degrees of narrowing of the LMCA during life is subject to considerable error. The angiographic errors appear to have resulted primarily from the presence of atherosclerotic plaque in the LMCA and an insufficient number of angiographic projections.
CORONARY BYPASS SURGERY appears to increase longevity in patients with significant stenosis of the left main coronary artery (LMCA), so identification of "significant" narrowing in this artery generally is considered to be an indication for the bypass operation regardless of the symptomatic status of the patient.1 Accurate identification of the degree of LMCA narrowing, therefore, is of paramount importance. Although coronary angiography is the most reliable means of identifying patients with significant stenosis of the LMCA, the accuracy of this technique has not been subjected to critical analysis. In the present report we examine the accuracy of coronary angiography in evaluating the LMCA by comparing the results of antemortem angiography to histologic observations at necropsy.
Institute from 1972 through January 1979 yielded 28 patients who had had coronary angiograms performed within 40 days of death and in whom the coronary angiograms were available for review. Clinical observations in these patients are summarized in table 1. The patients were 31-72 years old (average 55 years). Twenty were men and eight were women. All 28 patients had had angina pectoris; eight also had associated mitral or aortic valve disease or both. The coronary angiograms were performed in six institutions by the Judkins technique (24 patients) or the Sones technique (four patients).
At necropsy, the major extramural coronary arteries, including the LMCA, were excised intact from the heart, fixed in 10% buffered formalin, x-rayed, decalcified (if necessary), and cut transversely into 5-mm-long segments. (We did not use pressure perfusion of the coronary arteries before fixation.) The tissue was then dehydrated (alcohols), cleared (xylene), embedded in paraffin and cut. One section was stained by Movat's pentachrome method from each 5-mm segment. In addition, the original paraffin-embedded blocks of LMCA from six patients were recut at 6-,u intervals. Of the 1 160 sections cut, every twentieth section was stained by Movat's method and examined. Histologic evaluation of the degrees of cross-sectional area narrowing by atherosclerotic plaques was performed by visual inspection of each Movat-stained section magnified 20-50 times by light microscopy. The judgment regarding the degree of cross-sectional area narrowing of each section was based on the degree of luminal obliteration within the luminal circle bordered by the internal elastic membrane and was graded as 0-25%, 26-50%, 51-75% and (table 1) . In 15 of the 16 errors, the angiographer judged the LMCA to be < 25% narrowed when it was narrowed > 75% in crosssectional area. In four of the six patients, all three angiographers concurred in their underestimation, and in the other two, two of three angiographers concurred. The cineangiograms of three patients were cited as borderline in quality by one angiographer; in another patient, the same angiographer made a "lowconfidence" call because the LMCA was too short to evaluate. Otherwise, the quality of the films was judged to be adequate, and the angiographers were satisfied that the available views allowed satisfactory evaluation of the LMCA. Nevertheless, review of the cineangiograms disclosed that in only two of the six patients was a very shallow right anterior oblique view obtained; in only four of the six patients was a very shallow left anterior oblique view obtained, and in none of the six patients was a flat anteroposterior view recorded. In five of six patients, both the proximal left anterior descending and the proximal left circumflex coronary arteries were narrowed > 75% in crosssectional area by atherosclerotic plaque. Angiographic Underestimation of the LMCA Narrowed 51-75% in Cross-sectional Area ( fig. 2) In the 12 patients in whom the LMCA was narrowed 51-75% in cross-sectional area at necropsy (corresponding to 26-50% diameter reduction), angiography underestimated the degree of LMCA narrowing in seven (patients 1, 7, 10, 11, 17, 18 and 26; table 1). In 17 of 21 judgments in these seven patients, the LMCA was called < 25% diameter reduction by angiography. All three angiographers concurred in three of the seven patients, while two of the three concurred in the other four patients, Two underestimates by one angiographer were "low-confidence calls" due to inadequate quality of the films in one patient and a very short LMCA in a second patient. Two other underestimations occurred in association with "borderline" quality films. In two of the seven patients anteroposterior projections had been obtained, including one patient in whom all three angiographers underestimated the degree of narrowing. In two of the seven patients neither an anteroposterior view nor a projection at a very shallow obliquity was obtained. The proximal branches of the LMCA were each narrowed > 50% in cross-sectional area in all seven patients, including two in whom each was narrowed > 75% in cross-sectional area.
Angiographic Overestimates ( fig. 3 apparent foreshortening of the LMCA in at least one patient. The steeper obliquities, however, consistently produced the greatest degree of foreshortening; the shallow obliquities (particularly the right anterior oblique) produced less consistent foreshortening. An anteroposterior projection was obtained in only two patients; in one, it provided the maximum angiographic length of LMCA of the available views, while in the second the angiographic length was shorter in the anteroposterior view than in the right anterior oblique projection (i.e., foreshortened). Discussion The limitations of noninvasive methods in the identification of narrowing of the LMCA are well known.37 Coronary angiography has consequently been acknowledged as the only accurate means of identifying patients with significant narrowing of the LMCA.8 Since the suggestion of Cohen et al.9 in 1972 that patients with LMCA disease be arbitrarily separated into angiographic subsets of moderate (51-74%) and severe (> 75%) degrees of narrowing (diameter reduction), the concept has persisted that the degree of LMCA stenosis (e.g., 51-74% vs > 75%) could be accurately judged by coronary angiography. The present study, however, suggests that accurate angiographic identification of LMCA narrowing may be more difficult, and that quantification of less than extremely severe (i.e., > 90% luminal diameter reduction) degrees of LMCA narrowing often may be impossible.
In only nine patients did all three angiographic interpretations correspond to what was observed in the LMCA at necropsy (including two patients with total occlusion in whom the LMCA was opacified only by retrograde filling from the right coronary artery). In six of the 12 patients in whom the LMCA was narrowed > 75% in cross-sectional area (corresponding to 2 50% narrowing in angiographic luminal diameter), the LMCA was called 0-25% diameter reduction in 15 of 18 estimates. In seven of 12 patients in whom the LMCA was narrowed 51-75% in crosssectional area (corresponding to 26-50% diameter reduction), the LMCA was called 0-25% diameter reduction by angiography; although underestimations in this group have less serious implications, the extent of underestimations (17 of 21 judgments) confirms the difficulties involved in precise determination of angiographic narrowing. Finally, in 10 patients, at least one angiographer overestimated the degree of coronary narrowing: despite < 75% cross-sectional area narrowing in all 10 patients (corresponding to < 50% diameter reduction by angiography), all 10 were estimated by at least one angiographer to have > 50% stenosis of the LMCA.
The extent of interobserver agreement among the three angiographers in this study was strong. This finding is in contrast to what has been reported in studies designed to evaluate interobserver variability in interpreting coronary angiograms.' 1 2 However, in one such study,'0 interobserver variability was least (i.e., interobserver agreement was greatest) in evaluating the right coronary artery and the LMCA. The inaccuracies in the angiographic evaluation of the LMCA appear to be more a function of the technique of recording the LMCA on film than a variation in observer acuity involved in viewing the same cineangiogram.
Interpretation of the angiographic appearance of the LMCA is subject not only to problems that complicate coronary angiography in general, but to spe- cific problems deriving from the special anatomy of the LMCA. Underestimation of coronary arterial narrowing by coronary angiography has been documented in at least six studies,13-18 and the frequency of angiographically missed severe narrowings (> 75% in cross-sectional area) has been determined to be as high as 39%.`8 Quantitative histologic examination of the coronary arteries at necropsy has indicated that two morphologic features in particular account for the tendency to underestimate degrees of coronary narrowing: the coronary atherosclerotic process is diffuse, rather than focal, and the residual nonoccluded lumen is usually eccentric in location and often slit-like in shape." 8' 19 Diffuse narrowing forces the angiographer to compare sites of maximal narrowing to adjacent sites that may be less, but still severely narrowed; rarely, then, does the angiographer have a truly normal, uncompromised luminal diameter on which to base estimates of percent coronary luminal diameter reduction.
In contrast, histologic examination allows identification of the original "true" lumen as indicated by the internal elastic membrane. Eccentric, slit-like lumens pose no problem in estimating the degree of narrowing at necropsy, but may be a source of angiographic error when they allow the entire diameter of the artery to be opacified with contrast material. In the case of the LMCA, the hazards posed by these two morphologic characteristics are exacerbated by its short length and unpredictable course. The LMCA is the shortest of the four major epicardial coronary arteries. For atherosclerotic narrowing to involve the LMCA diffusely, it need only extend over a length of 3-12 mm; such narrowing would obliterate any portion of "normal" or relatively unobstructed lumen for comparison. If the proximal left anterior descending and left circumflex coronary arteries are severely narrowed as well (as was the case in five of seven patients with > 75% cross-sectional area narrowing of the LMCA in whom angiography underestimated the degree of narrowing), the angiographer may be deprived of any reasonable standard for comparison. Furthermore, the LMCA is the only major epicardial coronary artery without a "fixed anchorage." The left anterior descending artery, for example, generally follows the course of the ventricular septum, while the proximal left circumflex and right coronary arteries lie within the subepicardial adipose tissue of the atrioventricular grooves. Although the lengths of these arteries may be variable, their locations are relatively constant. In contrast, the LMCA may arise at an unpredictable angle from the aorta and may follow one of three axes in each of the horizontal and frontal planes before bifurcating into the left anterior descending and left circumflex branches. 20 The problems of diffuse narrowing, eccentric, slitlike lumens, short lengths and varying courses of the LMCA make the routine use of multiple obliquities particularly critical for proper angiographic evaluation. The lack of an adequate number of projections perhaps contributed as much as any other factor to the number of angiographic underestimates in our patients. Of the six patients in whom LMCA narrowing of > 75% in cross-sectional area (at necropsy) was underestimated, none was viewed in the anteroposterior projection and only three patients were examined in very shallow obliquities. Of the seven patients in whom the LMCA was narrowed 51-75% in cross-sectional area and was underestimated angiographically, only two were viewed in the anteroposterior projection and only five in a very shallow obliquity. None of the 13 patients in whom the LMCA was narrowed > 50% in cross-sectional area were studied in all three projections (anteroposterior, very shallow right anterior oblique and very shallow left anterior oblique). Although recommendations have varied widely regarding the number of views necessary for satisfactory angiographic evaluation of the LMCA, more recent experience suggests that all three projections are mandatory for complete examination of the LMCA. Lipton and co-workers2`found that when these three views were routinely used, the angiographic frequency of LMCA stenosis was considerably higher (74 of 500 cases, 15%) than that reported in most studies. Nath and associates22 performed 120 consecutive coronary arteriograms of the LMCA in all three views and found eight patients with LMCA stenosis, five of whom were recognized only in the anteroposterior projection. Both these studies and the present one demonstrate that any one of the three views may result in angiographic foreshortening of the LMCA, depending on its course. It seems prudent, then, to accept the recommendation that all three views need be used routinely for adequate angiographic analysis of the LMCA.
In the 10 patients in whom angiography overestimated the degree of LMCA narrowing, the discrepancies between angiography and necropsy were not as wide as in those patients in whom angiography underestimated the degree of narrowing. In all 10 patients, for example, there was at least 26-50% crosssectional area narrowing and in nine of the 10 '7, 25-27 Furthermore, there was no evidence that nitroglycerin had been given to any of our patients before or after injection of contrast material into the LMCA in an attempt to relieve or rule out LMCA spasm. Nevertheless, the experience of others suggests that LMCA spasm is rare, even after provocation with ergonovine. 5 The results of this study demonstrate that angiographic evaluation of the LMCA is subject to significant error. Because critical narrowing of the LMCA is presently considered to be a prima facie indication for coronary artery bypass surgery, regardless of the symptomatic status of the patients, accurate angiographic evaluation of the LMCA is essential. Angiographic data from this and other studies suggest that this can best be achieved by the use of multiple (at least three) angiographic projections.
